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Compound 7 is an inhibitor of MAO-A and -B, enzymes
that degrade neurotransmitters in the central nervous
system. Compound 7 weakly inhibits LSD1 with an IC50
of ~15 μM. More potent inhibitors have been developed
based on the structure of 7. Of importance for the in-
hibitor optimization is the introduction of a second
amine-containing N-substituent, such as those on the
right side of cyclopropylamine moiety in highly potent
LSD1 inhibitors 8–10. These basic groups not only
greatly increase the inhibitory activity, but also render
excellent LSD1 selectivity against MAO-A and -B [112].
Compound 8 (compound B in [88]) inhibited recombin-
ant LSD1 in vitro with an IC50 of 98 nM. It showed anti-
tumor activities against MLL-AF9 transformed leukemic
stem cells. It inhibited colony-forming ability of MLL-
AF9 containing leukemia cells with EC50 values as low
as 50 nM. It also down-regulated expression of many
leukemia-relevant genes such as HoxA7, HoxA9 and
Meis1. However, it exhibited somewhat severe toxicities
in a mouse model of MLL-AF9 leukemia, causing deaths
of many experimental mice presumably due to insuffi-
cient inhibitory potency and/or inappropriate dosages.
Compound 9 (compound 1 in [111]) is a much more po-
tent LSD1 inhibitor, almost quantitatively deactivating the
enzyme with an IC50 of 9.8 nM. It exhibited potent anti-
proliferative activity against MLL-rearranged leukemia cell
lines MV4-11 and Molm-13 with EC50 values of 10 and
96 nM, while 9 is almost inactive against leukemia cells
NB4 and U937 without an MLL-translocation. The differ-
ential activities of compound 9 (as well as several other
LSD1 inhibitors) suggest that the LSD1 inhibitor is non-
cytotoxic, but LSD1 is essential for MLL-rearranged
leukemia cells. In vivo antitumor studies using a systemic
murine model of MV4-11 leukemia showed that com-
pound 9 did not exhibit overt toxicities and was able to in-
hibit leukemia progression by >90 % and significantly
prolong survival of the experimental animals. Another po-
tent LSD1 inhibitor GSK2879552 (10) was found to ex-
hibit high anti-proliferative activity against 20 out of 29
AML cell lines with EC50 values ranging from ~3–100 nM
[103]. In addition, anti-proliferation screening of com-
pound 10 led to the finding that a significant portion (9
out of 28) of small cell lung carcinoma (SCLC) cell lines
were susceptible to 10 with EC50s of ~2–240 nM. This
compound also showed significant antitumor activity in a
mouse xenograft model of SCLC cancer. Similarly, com-
pound 10 is also devoid of general cytotoxicity: it did not
inhibit the growth of >100 cell lines across a range of can-
cer types, showing a high selectivity of using LSD1 inhibi-
tors targeting cancer. Mechanistic studies showed that
gene expression of TGF-β signaling, which is dysregulated
in SCLC, was significantly altered upon treatment with
compound 10. This could be attributed to the antitumor
activity of the LSD1 inhibitor. In addition, DNA hypome-
thylation of a gene set was identified to be correlated with
the sensitivity of SCLC cells (including primary patient
samples) to LSD1 inhibition [105]. This biomarker could
be used as a major criterion for patient recruitment. Com-
pound 10 has currently been in clinical trials for SCLC,
while no clinical data have been disclosed.
Several chemo-types of reversible LSD1 inhibitors have
been disclosed, among which compounds SP2509 (11)
[107], GSK690 (12) [16], and 13 (compound 17 in [112])
possess low nM in vitro inhibitory activity. Compound
11 potently inhibited LSD1 with an IC50 of 13 nM,
showing a non-competitive mode of action. Treatment
Fig. 6 Structures and activities of representative LSD1 inhibitors
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FAD, hydrogen peroxide is formed as a byproduct of de-
methylation. As these enzymes require a free electron
pair on the lysine ε-nitrogen atom to initiate demethyla-
tion, LSD1 and 2 are able to demethylate only mono-
and dimethylated but not trimethylated lysines [21]. The
Jumonjii domain-containing demethylases are iron and α-
ketoglutarate (2-oxoglutarate (2-OG))-dependent en-
zymes. They are able to remove methyl groups from all
three methyl lysine states, with concomitant production of
succinate, carbon dioxide, and the demethylated lysine
and formaldehyde [134, 135]. The target specificity of
KDMs is regulated by their participation in different com-
plexes. KDMs are implicated in different diseases, such as
leukemia, prostate and breast cancer, esophageal squa-
mous carcinoma, and as mental retardation [26, 136, 137].
LSD1/KDM1A
LSD1 bears an amine oxidase-like domain (AOL) at the C-
terminal end which displays two folded subdomains: the
FAD- and the substrate-binding region. While the FAD-
binding subdomain shares many similarities with other
FAD-dependent amine oxidases, the substrate-binding sub-
domain is much larger than in other amine oxidases and is
able to accommodate several residues near the target lysine
[138]. At the N-terminal, the SWIRM domain is important
for the protein stability and for the interactions with
histone-tails. A tower domain is located within the catalytic
center, and it seems to be important for the interaction with
other proteins to form complexes, like the co-repressor of
RE1-silencing transcription factor (CoREST), HDAC1/2, or
the C-terminal-binding protein 1 (CtBP1) [135, 138, 139].
The substrate specificity of LSD1 is influenced by its associ-
ation with different partners. For example, LSD1 generally
demethylates H3K4me1/2, thus repressing gene transcrip-
tion, but when LSD1 interacts with the androgen recep-
tor (AR), its enzymatic specificity switches to H3K9me1/2,
then stimulating transcription [140]. In addition to
H3K4me1/2 and H3K9me1/2, LSD1 is also able to demeth-
ylate lysines in non-histone proteins like K370 in the tran-
scription factor p53, K185 of E2F1, and K1096 in DNMT1
[141–143]. LSD1 itself in turn is also a substrate for methy-
lation. Dimethylation of LSD1 at lysine (K) 114 by the his-
tone methyltransferase G9A results in the recruitment of
the chromatin remodeler chromodomain-helicase-DNA-
binding protein 1 (CHD1), which is a key event controlling
androgen-dependent target gene transcription and signaling
dependent on the TMPRSS2-ERG fusion [144]. Import-
antly, preventing LSD1 methylation or interaction of CHD1
with methylated LSD1 severely impaired chromatin recruit-
ment of CHD1 and AR, androgen-dependent target gene
transcription, chromatin loop formation at the TMPRSS2
locus, and TMPRSS2-ERG gene fusion. This makes target-
ing of this methylation namely the interaction a promising
target for the treatment of prostate cancer.
As the LSD enzymes are structurally related to the
monoaminoxidases MAO-A and MAO-B, some MAO
inhibitors, as tranylcypromine (TCP; Fig. 4), an approved
drug for the treatment of depression, were among the
Fig. 4 a Schematic view of LSD1 principal domains. b Structures of the unselective LSD1/MAO inhibitor tranylcypromine (TCP), the selective LSD1
inhibitors from Oryzon and GSK and the dual HDAC/LSD1 inhibitor 4SC-202












e+*:& ($& +5.& 0WWZ/.& N*& !(%& F"'I)*+$)"*& ')$& afda& @"**$(& ()*(& >$+%@(&










+55(%& I\>+%$):(*& l(4I)5!4*:(*& !)(& 8=43):>$(*& F%(I>(%@%+*@4*:(*& )'& F)*!(>6& 4*!&




+43$%($(*& 4*!& )>$& )'& 8\8(%(*& Q%c+#8>(*(*+5$(%& +'& 8=43):>$(*.& N'& F)*!(>6& 4*!&
J4:(*!+5$(%& (%@%+*@(*& !)(& '()>$(*& )*& !(*& (%>$(*& I()!(*& <(I(*>U+8%(*.& J4*:(*&
5()!(*&($c+>&8=43):(%&+*&aO<&+5>&O=!#8(*&,e)+55"4%">&0W1b+/.&&&
FAD, hydrogen peroxide is formed as a byproduct of de-
methylation. As these enzymes require a free electron
pair on the lysine ε-nitrogen atom to initiate demethyla-
tion, LSD1 and 2 are able to demethylate only mono-
and dimethylated but not trimethylated lysines [21]. The
Jumonjii domain-containing demethylases are iron and α-
ketoglutarate (2-oxoglutarate (2-OG))-dependent en-
zymes. They are able to remove methyl groups from all
three methyl lysine states, with concomitant production of
succinate, carbon dioxide, and the demethylated lysine
and formaldehyde [134, 135]. The target specificity of
KDMs is regulated by their participation in different com-
plexes. KDMs are implicated in different diseases, such as
leukemia, prostate and breast cancer, esophageal squa-
mous carcinoma, and as mental retardation [26, 136, 137].
LSD1/KDM1A
LSD1 bears an amine oxidase-like domain (AOL) at the C-
terminal end which displays two folded subdomains: the
FAD- and the substrate-binding region. While the FAD-
binding subdomain shares many similarities with other
FAD-dependent amine oxidases, the substrate-binding sub-
domain is much larger than in other amine oxidases and is
able to accommodate several residues near the target lysine
[138]. At the N-terminal, the SWIRM domain is important
for the protein stability and for the interactions with
histone-tails. A tower domain is located within the catalytic
center, and it seems to be important for the interaction with
other proteins to form complexes, like the co-repressor of
RE1-silencing transcription factor (CoREST), HDAC1/2, or
the C-terminal-binding protein 1 (CtBP1) [135, 138, 139].
The substrate specificity of LSD1 is influenced by its associ-
ation with different partners. For example, LSD1 generally
demethylates H3K4me1/2, thus repressing gene transcrip-
tion, but when LSD1 interacts with the androgen recep-
tor (AR), its enzymatic specificity switches to H3K9me1/2,
then stimulating transcription [140]. In addition to
H3K4me1/2 and H3K9me1/2, LSD1 is also able to demeth-
ylate lysines in non-histone proteins like K370 in the tran-
scription factor p53, K185 of E2F1, and K1096 in DNMT1
[141–143]. LSD1 itself in turn is also a substrate for methy-
lation. Dimethylation of LSD1 at lysine (K) 114 by the his-
tone methyltransferase G9A results in the recruitment of
the chromatin remodeler chromodomain-helicase-DNA-
binding protein 1 (CHD1), which is a key event controlling
androgen-dependent target gene transcription and signaling
dependent on the TMPRSS2-ERG fusion [144]. Import-
antly, preventing LSD1 methylation or interaction of CHD1
with methylated LSD1 severely impaired chromatin recruit-
ment of CHD1 and AR, androgen-dependent target gene
transcription, chromatin loop formation at the TMPRSS2
locus, and TMPRSS2-ERG gene fusion. This makes target-
ing of this methylation namely the interaction a promising
target for the treatment of prostate cancer.
As the LSD enzymes are structurally related to the
monoaminoxidases MAO-A and MAO-B, some MAO
inhibitors, as tranylcypromine (TCP; Fig. 4), an approved
drug for the treatment of depression, were among the
Fig. 4 a Schematic view of LSD1 principal domains. b Structures of the unselective LSD1/MAO inhibitor tranylcypromine (TCP), the selective LSD1
inhibitors from Oryzon and GSK and the dual HDAC/LSD1 inhibitor 4SC-202
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FAD, hydrogen peroxide is formed as a byproduct of de-
methylation. As these enzymes require a free electron
pair on the lysine ε-nitrogen atom to initiate demethyla-
tion, LSD1 and 2 are able to demethylate only mono-
and dimethylated but not trimethylated lysines [21]. The
Jumonjii domain-containing demethylases are iron and α-
ketoglutarate (2-oxoglutarate (2-OG))-dependent en-
zymes. They are able to remove methyl groups from all
three methyl lysine states, with concomitant production of
succinate, carbon dioxide, and the demethylated lysine
and formaldehyde [134, 135]. The target specificity of
KDMs is regulated by their participation in different com-
plexes. KDMs are implicated in different diseases, such as
leukemia, prostate and breast cancer, esophageal squa-
mous carcinoma, and as mental retardation [26, 136, 137].
LSD1/KDM1A
LSD1 bears an amine oxidase-like domain (AOL) at the C-
terminal end which displays two folded subdomains: the
FAD- and the substrate-binding region. While the FAD-
binding subdomain shares many similarities with other
FAD-dependent amine oxidases, the substrate-binding sub-
domain is much larger than in other amine oxidases and is
able to accommodate several residues near the target lysine
[138]. At the N-terminal, the SWIRM domain is important
for the protein stability and for the interactions with
histone-tails. A tower domain is located within the catalytic
center, and it seems to be important for the interaction with
other proteins to form complexes, like the co-repressor of
RE1-silencing transcription factor (CoREST), HDAC1/2, or
the C-terminal-binding protein 1 (CtBP1) [135, 138, 139].
The substrate specificity of LSD1 is influenced by its associ-
ation with different partners. For example, LSD1 generally
demethylates H3K4me1/2, thus repressing gene transcrip-
tion, but when LSD1 interacts with the androgen recep-
tor (AR), its enzymatic specificity switches to H3K9me1/2,
then stimulating transcription [140]. In addition to
H3K4me1/2 and H3K9me1/2, LSD1 is also able to demeth-
ylate lysines in non-histone proteins like K370 in the tran-
scription factor p53, K185 of E2F1, and K1096 in DNMT1
[141–143]. LSD1 itself in turn is also a substrate for methy-
lation. Dimethylation of LSD1 at lysine (K) 114 by the his-
tone methyltransferase G9A results in the recruitment of
the chromatin remodeler chromodomain-helicase-DNA-
binding protein 1 (CHD1), which is a key event controlling
androgen-dependent target gene transcription and signaling
dependent on the TMPRSS2-ERG fusion [144]. Import-
antly, preventing LSD1 methylation or interaction of CHD1
with methylated LSD1 severely impaired chromatin recruit-
ment of CHD1 and AR, androgen-dependent target gene
transcription, chromatin loop formation at the TMPRSS2
locus, and TMPRSS2-ERG gene fusion. This makes target-
ing of this methylation namely the interaction a promising
target for the treatment of prostate cancer.
As the LSD enzymes are structurally related to the
monoaminoxidases MAO-A and MAO-B, some MAO
inhibitors, as tranylcypromine (TCP; Fig. 4), an approved
drug for the treatment of depression, were among the
Fig. 4 a Schematic view of LSD1 principal domains. b Structures of the unselective LSD1/MAO inhibitor tranylcypromine (TCP), the selective LSD1
inhibitors from Oryzon and GSK and the dual HDAC/LSD1 inhibitor 4SC-202
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